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Intreduction

The reactions with electrophiles of an exocyclic -NH, group
on an aminouzine are impeded by the tendency of the
to preferentially interact with the ring nitrogen(s).! This ac-
cordingly represents s significant obstacle to the peroxy acid
oxidation of such amines to the nitroso derivatives,
a pnu- that is interpreted as involving an electrophilic inter-

ll was suggested that, by making the emcyclic nitrogen suf-
ficiently negative, this obstacle could be overcome.’ The approach

chosen for sesting this hypothesis was based on an initisl conversion
of the amino group into & ulﬁliminc*

-NH, -N -’S(CH,);

we have carried out a computational analysis of 2-aminopyrimidine (11) and S, S-dimethyl-N-(2
We also investigated a system for which the procedure fails: 2-amino-S-nitropyrimidine (V1) and phe corresponding sulfilimine
(Vil). An b initio SCF approach (GALSSIAN 52) was used 10 compute the optimized structu
of these molecules. Wefmdhlhmmmmhmmmmdhuu
mmwdwuhoneotbmhofmerin.mlro.emmhenhnlbeexocydkmlhn isto
feature in the case of 111 is the development of extensive negative potentials above and
lheemydkuimmwhmmhhloebammbthn itisin Il. Thus the

this site nmﬁamly greater in 111 than in I1. The presence of the electron-withdrawing

of extensive, relatively strong negative regions above and below the ring; accordingly there does not occur. in VIL. an analogous
increase in electrophilic accessibility to the exocyclic nitrogen. C
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idatjén of some aminoazines.,
imidinyl)sulfilimine (111).

and electrostatic potentials
as in the original aminoazines
oxidized. An important new
the ring plane, which make

ibility of oxidation occurring at
in VI prevents the development
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While there has been some controversy as to whether the sulfi-
limine N-S linkage is best described by a semipolar representation.
as in I, or as a double bond.* it seems reasonable 10 anticipate
that dnlmmeehmd‘tm nitrogen is considerably enhanced
relative to the original amine.

It was indeed found that several different aminoazines, upon
conversion to sulfilimines, could be oxidized 10 the nitroso com-
pounds (which are sometimes unstabie) and then undergo further
transformations, including a second oxidation step to the corre-
sponding nitro derivative.’ The process, as depicted for 2-
aminopyrimidine (11), is shown in reaction 1.} 2-Nitropyrimidine
(V) was obtained in 33% yield (relative to 111). using ozone for
the second oxidation.

In the work that is being reported, we have examined in detail
the effects of suifilimine formation upon the exocyclic and the
ring nitrogens, 30 as to achieve a better understanding of how this
facilitates the oxidation of the former. We have also investigated

(4)000 S.. Furukawa, N. Sulfilimines and Related Devivatives: ACS
gh 179. American Chemical Society: Washington. DC, 1953:
Clupm
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Study of Pyrimidines and Sulfilimines
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a case in which this procedure does not work:® reaction 2, which
stants with 2-amino-S-nitropyrimidine (V1), leads to the destruction
of the heterocyclic system. Accordingly, a comparison shall be
made of the starting molecules and the sulfilimine intermediates
in reactions | and 2.

Methods

Our approach is a computational one; we use the ab initio
self-consistent fieid molecular orbital GAUSSIAN 82 procedure.* For
cach molecule, we first determined its optimized structure and
then used this 10 calculate the properties of interest.
Because of the sizes of 111 and VI, we carried out the optimi-
zations at the STO-3G* level, which has been found to be effective
for predicting geometries.” However, since this basis set is known
to give poor results for C-NO, and N-O bond fengths.® we ob-
tained these and the C-N-O angles by a preliminary 6-31G
optimization of V1.

Our focus in this study is upon the degrees of negative character
and susceptibilities to electrophilic attack of the exocyclic and ring
nitrogens. These properties can be analyzed very effectively by
means of the electrostatic potentials of the molecules. The po-
tential ¥{7) that is created in the space around a molecule by its
nuclei and electrons is given rigorously by

Z, p(?) &7
I Foa

Z, is the nuclear charge of atom A, located at R,, and o(?) is
the electronic density function of the molecule. Negative values
of ¥(7) indicate regions in which the effect of the electrons is
dominant; it is to these regions, and particularly to the points of
most negative potential (the local minima), that an approaching
electrophile is initially attracted. The electrostatic potential is
well-established as an effective tool for interpreting and predicting
molecular reactive behavior.*' An important feature of V{7
is that it is a rea) physical property, which can be determined
experimentally as well as computationally.” In this work, we have

)
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Figure 1. Calculated bond lengths in 2-aminopyrimidine (I1), S.5-di-
methyl-N-(2-pyrimidinyl)sulfilimine (I11I), 2-amino-5-nitropyrimidine
(V1) and S.S-dimethyl-N-(S-nitro-2-pyrimidinyl)sulfilimine (VI1). All
values are in angstroms.
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Figure 2. Calculated bond angles in the molecules listed in the caption
to Figure 1. All values are in degrees.

calculated V() at the STO-5G level, using our optimized mo-
lecular geometries; it has been shown that satisfactory electrostatic
potentials are obtained with ab initio SCF procedures using
minimum basis sets.” !

Resuits and Discassion

Structures. Our calculated structures are presented in Figures
1and 2. For comparison, the experimentally determined geometry
of unsubstituted pyrimidine is also included.'? In general, the
bond lengths and bond angles in 11 and VI are quite similar to

(11) (a) Scroceo, E.; Tomasi, ). Tap. Cwrr. Chem. 1973, 62, 98, (b) Ghio,
C.; Tomasi, J. Theor. Chim. Acta 1973, 30, 131. (c) Almiof, J.; Stogard, A.
CMT:')’I::'&"Z“' m:. :Izo:l‘:ook Heterocyclic Chemistry; Perga
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l»'hc 3. Calculated clectrostatic potemial in the ring plane of 2-

(a) and in the perpendicular plane passing through the
exocychc C-N bond (b). Dashed contours correspond to negative po-
tentials; 2ero contour is indicated. Magnitudes for other contours, in
keal/mol, are -0.6, -3.1, -6.3, -12.6, -25.1, -37.7, -50.2, ~62.8, +3.1.
+6.3, #12.6, +31.4, +62.8, +313, and +628. The locations of the most
negative potentials are indicated, and their values are given at the side
of the figure.

'SIA"II.EI: Potentia) Minima Asseciated with Systems I, 111, V1, snd

values of site with which
minima, minimum is
system keal/mol associated
2-sminopyrimidine (1f) -82.8 ring nitrogens
=79.2 exocyclic nitrogen
$.S-dimethyl-N-(2-pyrimidinyl)- -1128 ring nitrogen on
sulfilimine (111) side away from
-8(CH,),
-104.4 exocyclic nitrogen
-76.2 ring nitrogen on
same side as
-8(CH,),
2-amino-S-nitropyrimidine (V1) -68.9 ring nitrogens
-57.2 exocyclic nitrogen
(amino group)
-54.2 oRygens
-373 onygens
S.S-dimethyl-N-(S-nitro-2- -99.7 ring nitrogen on
pyrimidiny!)sulfilimine (VII) side away from
-S(CH;),
-89.0 exocyclic nitrogen
(amino group)
-66.7, -67.1 oxygens
-62.0 ring nitrogen on
same side a3
-S(CHy),
-50.9, -$3.0 oxygens
*The values given in this table are for the absolute minima in the
regions indicated. Thus they will not, in general, be the same as the
mm in Figures 3-6, which refer only to the planes shown in the
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Figure 4. Calculated electrostatic potential in the ring planc of S.5-di-
methyl-N-(2-pyrimidinyl)sulfilimine (a) and in the perpendicular plane
pessing through the exocyclic C-N boad (b). Dashed contours corre-
spond to negative potentials; zero contour is indicated. Magnitudes for
other contours are given in caption to Figure 3. The locations of the most
negative potentials are indicated. and their values are given at the side
of the figure.

those given for pyrimidine; some differences are of course 10 be
anticipated due to the effects of the substituents in the former.

In both 11 and V1, the amino group is calculated to be pyramidal
in configuration. It is interesting to note that the presence of the
-NO, in VI is not sufficient to force the ~NH; into a planar
configuration, in contrast to what we have found for the nitro-
anilines, also at the STO-3G level.!® In the latter the amino group
is in the plane of the ring, unlike aniline itself, which the STO-3G
basis correctly predicts to have a pyramidal -NH, conformation.'?
(It has been found, by us and by others as well, that split-valence
basis sets, such as the 6-31G, are not reliable for predicting -NH,
conformations.'') When the ~-NH, is coplanar with the ring, it
can act more effectively as an electron donor (through resonance),
in response to the strongly clectron-withdrawing ~NO,. Evidently
-NH, does not conjugate to as great an extent with the pyrimidine
ring as with the phenyl, although the relatively short C~NH; bond
lengths in 11 and V] reflect some degree of double bond character
and indicate that some conjugation does take place. (Typical
aliphatic C-N bond are about 1.47 A; in aniline, however,
this distance is 1.402 A.'*) These findings are consistent with
the decrease in aromatic character that accompanies the re-
placement of carbons by nitrogens in the benzene ring.'?

The formation of the sulfilimines 111 and V11 causes a further
shortening of these C-N bonds (Figure 1), which suggests some

shmin. of electronic charge from the ~N-=*S(CH;), group toward -

the ring. This inference will be confirmed by the electrostatic
potential analysis. Crystallographic structure determinations have

been carried out for a number of sulfilimines.* all of them un-

313 Poltame, P Abraharen, L. Sjobery. P. . Am. Chem. Sox. 1984, 108, '

(M) () Pulay, P.; Fogarasi, G.; Pang. F.; Boggs. ). E. J. Am. Chem. Soc.
1979, 101, 2550. (b) Lane, P., priuu communication.
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Figure 8. Calculated clectrostatic potential in the ring plane of 2-
amino-S-nitropyrimidine (a) and in the perpendicular plane passing
through the exocyclic C-N bonds (b). Dashed contouss correspond to
negative potentials: zero contour is indicated. Magnitudes for other
contours are given in caption to Figure 3. The locations of the most
negative potentials are indicated, and their values are given at the side
of the figure.

fortunately quite different in composition from 111 and VIL.
However, the S-N distances were almost always found to be within
the 1.63-1.68-A range. with which our calculated values are in
excellent agreement.

A final structural point of interest concerns the possibility of
intramolecular hydrogen bonding in the sulfilimines 111 and VI).
The methyl hydrogens in (CH,),S are known to be somewhat
acidic,'® and it is conceivable that one of them may form a hy-
drogen bond to one of the ring nitrogens. Our calculated structures
are consistent with a weakly attractive interaction; the shortest
separation between a methyl hydrogen and the nearest ring ni-
trogen is about 2.71 A iin both 111 and VII, slightly less than the
sum of the van der Waals radii of hydrogen and nitrogen (1.20
and 1.56 A, respectively'®).

Electrostatic Potentials. The calculated electrostatic potentials
of the four systems of present interest (11, 111, VI, and VII) are
shown in Figures 3-6, and their most negative values (the potential
minima) are summarized in Table I. [In general, there are rel-
atively strong minima associated with the ring nitrogens, the
exocyclic amino or sulfilimino nitrogens, and the oxygens of the
nitro groups.

Looking first at 2-aminopyrimidine and its sulfilimine (11 and
111), which are involved in reaction 1, our results confirm the basic
premise that the formation of the latter renders the exocyclic
nitrogen more negative: its potential minimum changes from -79.2
keal/mol in 11 to -104.4 in I11. The ring nitrogens are also
affected; the one closest to the -S(CH,), group is made somewhat

(13) (a) Rathstein, E. J. Chem. Soc. 1957, 309; J. Chem. Soc. 1940, 1558;
J. Chem. Soc. 1983, 3991. (b) Woodward, R. B.; Eastman, R. H. /. Am.
Chem. Soc. 1946, 63, 2229. (c) Streitwieser, A.. Jr.; Ewing, 8. P. J. Am.
Chem. Soc. 1978, 97, 190.

(16) Bondi, A. J. Phys. Chem. 1964, 68, 441,
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Figure 6. Calculated electrostatic potential in the ring plane of S.5-di-
methyt-N-(S-nitro-2-pyrimidinyl)sulfilimine (a) and in the perpendicular
plane passing through the exocyclic C~N bonds (b). Dashed contours

10 negative potentials; zero contour is indicated. Magnitudes
for other contours are given in caption to Figure 3. The locations of the
most negative potentials are indicated, and their values are given at the
side of the figure.

more positive, presumably reflecting the proximity of the methyl
hydrogen, but the other becomes considerably more negative, with
a minimum of -112.8 kcal/mol. This remains, therefore. a more
attractive site for the initial approach of an electrophile than is
the exocyclic nitrogen.

However the most striking consequences of forming the sul-
filimine, in the case of 2-aminopyrimidine, are found above and
below the plane of the ring (compare Figures 3b and 4b). In
2-aminopyrimidine (I1) as in pyrimidine itself.!” these regions are
almost entirely positive, with the only exception being due to the
lone pair of the -NH, group. (The fact that the presence of the
-NH,, a strong resonance clectron donor, does not produce a
negative ring potential in 2-aminopyrimidine is further evidence
of a relatively low degree of conjugation.) In the sulfilimine 111,
on the other hand, there is an extensive negative electrostatic
potential above and below the ring. This is a very significant
development, which greatly expands the spatial regions in which
an clectrophile will undergo an attractive interaction with the
molecule and should considerably increase the likelihood of the
system undergoing clectrophilic attack. While such attack is most
favored at the ring nitrogen having the strongest negative ¢lec-
trostatic potential, its likelihood at the exocyclic nitrogen should
also be much enhanced.

The situation is quite different when the nitro group is present,
in VI and VII. The potentials associated with the amino nitrogen
and with onc of the ring nitrogens are again made more negative
by the formation of the sulfilimine, but the magnitudes are now
smaller, due to the electron-withdrawing nature of -NO, (Figures
S and 6). The amino nitrogen potential changes from -57.2 to

(17) Almiof, J.. Jobansen, H.; Roos. B.; Wahigren, U. J. Electron Spec-
trosc. Relar. Phenom. 1973, 2, S1.
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~89.0 kcal/mol, while the ring nitrogen goes from ~68.9 to -99.7
keal/mol. Most significant, however, is that the sulfilimine VI{
does not show extended negative regions above and below the ring
(Figure 6b). This is a striking difference between the two sul-
filimines that are being studied and indicates that I11 should be
considerably more reactive toward electrophiles than is VII.

Summary snd Conclusions

The analysis that has been presented shows that the most
ncgative regions in these molecules are associated with one of the
ring nitrogens and not with the exocyclic nitrogen that is to be
oxidized. This is true in the sulfilmine intermediates as well as
in the original aminoazines. An important new feature in the case
of sulfilimine 111 is that the exocyclic nitrogen has become much
more accessible to clectrophiles, now from both sides of the ring
plane as well as in the plane, whereas the only channel of approach
in the original azine Il was from one side of the ring plane
(compare Figuics 3 and 4). The increase in accessibility is much
greater for the exocyclic nitrogen than for the one in the ring: the
latter could be approached from either side of the ring plane even
before formation of the sulfilimine, since its lone-pair potential

extends above and below the ring plane, unlike that of the exocyclic
nitrogen.

Thus, while the most reactive site for initial electrophilic attack
is the ring nitrogen, in 111 as well as in I1, the possibility of the
reaction taking place at the exocyclic nitrogen is significantly
greater in the sulfilimine. Indeed, as mentioned earlier, a 33%
yield of 2-nitropyrimidine (V) was obtained from sulfilimine H11.}

The introduction of the ~NO, group in position S prevents the
development of extensive, relatively strong negative electrostatic
potentials above and below the pyrimidine ring (Figure 6b).
Accordingly, there does not occur, in V11, the considerable increase
in electtophlhc accessibility to the exocyclic sulfilimine nitrogen
that is found in 1II. We suggest that this is at least part of thc
reason why oxidation of the latter nitrogen in V11 is not observed.’
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20. Abstract (cont'd)

oxidized. An important new feature in the case ot 111 is the development of
extensive nepative potentials above and below the ring plane, which make the
exocyciic nitrogen much more accessible to electrophiles than i¢ is in 1.
Thus the possibility of uxidation nccurring at this site 1s significantly
greater in 11l than in I1. The presence of the electron-withdraving -NO, in
V1 prevents the development of extensive, rclatively strong negative repfons
above and below the ring; accordingly there does not occur, in VII, an anal-
opous increase in electrophilic accessibility to the exocyclic nitrogen.
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